Licensing imposes barriers to entry in an occupation, effectively restricting the supply of licensed workers in the occupation, and driving prices up. We evaluate the effects of introducing mandatory licensing in all construction trades in a Canadian province, Ontario. Evidence based on vacancies and wage premia suggests the construction trades are in short supply in Ontario. We estimate the deadweight loss for Ontario's construction industry resulting from higher prices and decreased construction output. Using an elasticity of labour demand of 31%, we obtain a deadweight loss ranging between $19 million and $75 million, depending on projected wage increases ranging between 10% and 20%. We ignore here potential benefits resulting from the increased human capital of construction workers.
Introduction
When mandatory licensing is introduced for an occupation, the rationale is typically related to increased quality in that occupation's output. In practice, occupation licensing is implemented at the initiative and under the administration of the current association of workers in that occupation. Licensing imposes barriers to entry in that occupation, effectively restricting the supply of licensed workers in the occupation, driving their wages up. This in turn increases the price of the final good or service produced in that occupation.
We will show first the theoretical channels through which occupation licensing affects workers, consumers, employers and the economy, and also empirical evidence from the literature regarding the magnitude of those effects. The theoretical implications are evaluated in the case of Ontario, a Canadian province where the government is contemplating to introduce mandatory licensing for all construction occupations.
The paper is organized as follows. Section 2 provides a general analysis on occupational licensing and its impact on consumers, workers, firms, and the economy. We discuss both theoretical channels and empirical evidence of their magnitude. Section 3 provides evidence of the skills shortage in Ontario, and Section 4 details the computation of the deadweight loss resulting from restricting construction inputs through licensing. Section 5 makes a conclusion.
Costs and Benefits of Occupational Licensing Ease of Use
We document the costs and benefits of occupational licensing for customers, for the workers getting licensed, for firms and industries, and for the economy as a whole. Note that there is a timing issue involved: following the decision to introduce mandatory licensing in an occupation, it may take a while until new workers get trained and licensed, while existing workers are typically grandfathered into the licensed occupation. It has been documented that wages increase "once and for all" for workers who are grandfathered into a newly implemented occupational licensing system (Perloff, 1980 [1] ).
Costs and Benefits for Consumers
The best known effect of occupational licensing is that it restricts the number of workers in a given occupation, leading to increased wages for the workers. In turn, the higher labour costs is passed on to the consumer through a higher price of the good or service (Rottenberg, 1980 [2] ). An alternative channel is proposed by Kleiner and Kurdle (2000) [3] , who suggest that occupational licensing can lead to quality improvements resulting in increased demand for the product or service, which would also increases prices. In any case, there is substantive evidence that occupational licensing leads to increased prices for consumers (Perloff, 1980 [1] ; Carroll and Gaston, 1983 [4] ; Kleiner and Kurdle, 2000 [3] ; Adams et al., 2002 [5] ; Kleiner, 2000 [6] , 2006 [7] ) including empirical analysis performed specifically in the building industry in New Zealand (Lobo and Wilkinson, 2006 [8] ).
The benefits for consumers from occupational licensing can be twofold: (i) a reduction in consumer uncertainty regarding the quality of a product or service, and (ii) an increase in the quality of the good or service itself. The uncertainty about quality refers to a scenario where the buyer (i.e. the consumer) cannot distinguish between a high quality good or service and a low quality one, while the seller knows it. This informational asymmetry problem was first identified by Akerloff (1970) [9] in his famous "lemons model" of the used car market. Arrow (1971) [10] and Kleiner, 2000 [6] , among others, document that certification from third parties, in the form of occupational licensing, provides a means by which consumers can be assured of the quality of the product or service. Carroll and Gaston (1983) [4] and Kleiner and Gittleman (2013) [11] argue that occupational licensing screens out less skilled or competent workers who may produce a low quality good or service, thereby increasing the average quality of the good or service in that market. The second point, that licensing increases product quality, is emphasized via the increased training and human capital channel. Kleiner (2000) [6] documents that better training as a result of occupational licensing increases the quality of the good or service produced, as there is a minimum standard of skill or competency required from the worker. Nevertheless, when examining the effect of occupational licensing on output quality (e.g. for the cosmetology occupation in Carrol and Gaston, 1983 [4] and for dentistry in Kleiner and Kurdle (2000) [3] , there is little statistical evidence to support the improved quality hypothesis.
Costs and Benefits for Workers
The primary cost of occupational licensing for workers is the financial and opportunity costs of studying for and passing (or failing) an exam (Rottenberg, 1980 [2] ). In addition to restricting access, occupational licensing can reduce the mobility of workers (Pashigian, 1979 [12] ; Kleiner et al., 1982 [13] ) across geographic regions, provinces, states or countries (Tenn, 2001 [14] , Pagliero, 2009 [15] ) or between different industries (Perloff, 1980 [1] ). Occupational licensing has also been found to impede exits out of the welfare system (Dorsey, 1980 [16] ; Hazlett and Fearing, 1998 [17] ).
As discussed above, occupational licensing restricts the number of workers in a given occupation providing rents in the form of increased wages for these workers. The literature on this effect dates as far back as Adam Smith, who, in The Wealth of Nations, wrote about "the ability of crafts to lengthen apprenticeship programs and limit the number of apprentices per master, thereby ensuring higher earnings for persons in these occupations (Adam Smith, as cited in Kleiner, 2006 [7] ). This trend has also been described as a feature of modern economies (Moore, 1961 [18] ; Friedman, 1962 [19] ; Maurizi, 1974 [20] ; Kleiner and Krueger, 2009 [21] ; Pagilero 2010 [15] ). Cross sectional analysis has found that occupational licensing increases wages by approximately 15 percent (Bryson and Kleiner, 2010 [22] ). Moreover, the literature documents that licensing at multiple levels of government increases wages more than licensing at a single level, with the effect being higher for licensing compared to certification (Kleiner, 2006 [7] ).
However, panel data and time series analysis have shown that, while occupational licensing does increase wages, the effect documented in cross-sectional studies may be higher than the true effect of licensing. Due to factors such as the selection of better workers into the training required for licensing (Kleiner, 2006 [7] , Kleiner and Vorotnikov, 2012 [23] ; Timmons and Thorton, 2013 [24] ), cross-sectional studies typically capture an upper bound for the effect of mandatory licensing.
Occupational licensing has been found to increase the incentive for workers to pursue additional training, even if it is not mandated by the licensing body, given that those without training, who may produce a lowerquality product or service, could be barred from the market (Akerloff, 1970 [9] ; Shaprio, 1986 [25] ). Given the increase in human capital and monitoring of standards, in theory we should expect to see improved safety in the more hazardous activities in an occupation, like for instance a reduction in the number of work-related accidents and deaths. The empirical literature has not been able to document improvements in work safety following occupation licensing.
Costs and Benefits for the Industry and the Firm
The demand for goods and services from licensed workers may either increase or decrease, depending on the nature of the market. Demand may increase as consumers are more certain of the quality of goods or services, which would benefit the industry, but it may also decrease if some consumers demand lower-quality goods or services that are barred after the implementation of occupational licensing (Shapiro, 1986 [25] ). Empirically, occupational licensing has been found to decrease the supply of services, and the access to services (Kleiner and Krueger, 2009 [21] ; Kleiner and Gittleman, 2013 [11] ). In addition, Kleiner, 2006 [7] found that, in a comparison between states where occupations were licensed with those where the same occupations were unlicensed, the occupations in the unlicensed state exhibited a 20 percent faster growth rate.
The literature is lacking empirical analysis on the effects of occupational licensing on firm profits. On the one hand, increased demand or increased output prices would increase profits, whereas on the other hand increased wages for workers would decrease profits for firms. Occupational licensing can give an industry increased control over the supply of workers through manipulating the passing rates on the licensing exam (Maurizi, 1974 [20] ; Freeman and Kleiner 1990 [26] ). Furthermore, occupational associations can have significant political influence over legislation and its administration (Wheelan, 1998 [27] , Stigler, 1971 [28] ). While in theory licensing can result in increased output quality, this has not been documented empirically.
Welfare Implications: Deadweight Loss
Licensing will restrict entrance into the licensed occupation. The welfare implications are similar to those of a standard monopoly story, where, as wages go up and employment goes down along the labour demand curve, the lost income (welfare loss) can be measured as the triangle area below the demand curve. Income gets reallocated from consumer to licensee through a transfer of higher output price into higher wages.
Like in Kleiner, 2006 [7] , consider the following labour demand curve. Originally the equilibrium is at point A, with E workers employed at the equilibrium wage w. Certification would increase the wage from w to w'. The magnitude of the increase, as documented in the literature, ranges from about 10% or 12%, up to 20%. As a result of the wage increase, employment decreases to E'. The magnitude of the decrease in employment is dictated by the elasticity of the labour demand (which is the inverse of the demand line plotted here). The total wage bill changes from W*E at point A to W'*E' at point B. As we move from A to B, fewer and fewer workers generate revenue. As we move to the left on the horizontal employment axis, the loss in revenue at each step, for each small change in employment, is given by the little trapeze between the two employment points, with a lower wage to the right and a slightly higher wage to the left. Summing up all these small loses we end up with the triangle ABC as the loss in revenue associated with the wage increase. This area is ΔE * ΔW/2 = (E′ − E) * (W′ − W)/2. Denote the elasticity of demand by ε where ε = (ΔE/E)/(ΔW/W). Furthermore, if the percentage increase in wages is= ΔW/W, then the deadweight loss as a function of current wage bill W*E can be computed as
The magnitude of the output (deadweight) loss can be computed if one knows, or can estimate, the elasticity of labor demand. Kleiner (2006) gives the following example. Assuming a wage increase of 10% as a result of introducing licensing (the low end of the 10% to 15% estimate), and assuming that the licensing applies to 20% of the workforce, this gives a 0.10 × 0.20 = 2% increase in the total wage bill for the overall economy relative to a non-licensed market. He gives the example of the U.S. where the total wage income is 5.3trillion , therefore in the increase in the total wage bill is 0.02 × 5800 billion = 116 billion. Assuming further a wage elasticity of demand of 0.3, the wage bill loss due to the employment change alone would be 116 × 0.3 = 34.8 billion, which would lead to a deadweight loss of half of 2% × 34.8 billion = 348 million overall for the economy. A similar calculation for Ontario is performed later on in this report. While the annual loss for the Construction sector depends on the values assumed for the labour demand elasticity and for the wage increase brought up by certification, the deadweight loss for Ontario due to mandating trade certification would amount to somewhere around 60 to 70 million per year.
Another potential downside in the context of the construction industry, which we have not found mentioned in the literature, is that legitimate construction activity may migrate to the black market to avoid paying the increased cost. While there is plenty of anecdotal evidence on construction and the black market, we do not know of any academic evidence to this effect; more research in this area would be welcome.
There are also benefits to the society associated with licensing, such as the increased quality of the product or the emergence of standardization. In theory, this could help minimize consumer loss and reduce exposure to risk. While these are theoretical channels for which we do not provide empirical evidence, we wanted to mention them here because, in theory, certification could lead to gains through the risk reduction channel. Even though we do not measure it, we should still be aware of this positive effect of certification.
The Skilled Trades Gap in Ontario

Skill Shortage and Under-Investment in Training and Market Failure
Employers and public opinion seem confident there is a shortage of skilled labour in Canada, yet economists tend to disagree. Overall, at the macroeconomic level, all available evidence, which we summarize in the next subsection, seems to point out the contrary, that there is no shortage of skill.
One puzzling issue in this context refers to training. If indeed skills are not available to be hired in the labour market, then why don't employers train those workers who are available? One reason for low training levels is that access to training is controlled by industry associations and unions. Apprenticeship positions are kept in short supply because of mandatory ratios, e.g. 3 journeymen to 1 apprentice. This pushes smaller companies out of the game.
Employers may not want to train workers for fear that the trained workers will get poached by a competitor, after they have invested in training. This is only possible if the human capital acquired by training is, to a large extent, general rather than firm-specific, implying that skills are somewhat transferable. This is one of the main arguments justifying direct government intervention in training, the other one being that employers would cherry-pick the best workers for training, leaving the disadvantaged workers with no training options. This is also one of the main theoretical arguments in favour of mandating occupational training and licensing.
One remaining question is why the workers themselves do not decide to get extra training at their own cost.
The answer to this question is the same one that justifies the need for occupational licensing, as it relates to market failure. If expected skilled wages are high enough, workers will have an incentive to get trained and become licensed on their own accord. Besides the monetary cost of tuition, training would also involve significant wage loss during training, when time is devoted away from production in favour of skill acquisition. If workers do not have access to credit markets to finance training, or if they discount the future too much, workers will also under-invest in training.
A few other explanations can help bridge the apparent disconnect between evidence and public opinion. For instance, it is possible that employers have unrealistic expectations about the types of workers they can attract; or, if governments agree that there are labor shortages, this can be used to justify policies that reduce businesses' labor costs.
Aggregate Skills Gap in Canada
To be able to document skill shortages, we need data from both sides of the labour market, the worker and the firm. On the worker side, a gap in the availability of skill should result in increased wages for the skilled labour, and yet we do not see any evidence of that in the data. "The fact that some of the most highly demanded occupations in the job market-chief among them trades, technicians and many professional groups-have not recorded above-average wage increases is at odds with the perception that there is a large-scale skills mismatch in Canada's labour market. More research in Canada is required to better understand the underlying dynamics at play between current (and future) labour supply and demand.
[…]" (Derek Burleton, TD Vice President and Deputy Chief Economist, 2013 [29] ).
Another reason for the discrepancy between the views of employers and politicians and what the evidence suggests could be that we simply do not have good enough evidence regarding unfilled positions. While it is true that the wages of under-supplied skills should go up, this is an equilibrium outcome, and it is not very informative regarding the vacancy side: how long does it take for employers to fill a vacancy? Do vacancies stay posted a long time? How many applicants are there for each vacancy? We do not have information on most of these issues. Statistics Canada has been collecting some data until now, but they will only release aggregates over a few very broadly defined industries or regions.
The evidence summarized below, together with what is reported by other sources [29] - [32] , indicates that, while we cannot identify an aggregate skill shortage country-wide, we may be able to identify localized shortages across certain occupations and geographical locations. It does seem to be the case that the construction industry and the skilled trade occupations could be facing an increased demand, although wages have not gone up as expected in those occupations. There also seems to be a geographic shortage in some trades occupations, with Alberta and Saskatchewan being the two provinces with the most stringent needs in terms of the demand for skilled trades.
Shortages in Ontario Trades: Confirmed by Vacancy Data
In Figure 1 and Figure 2 we report our calculations from Statistics Canada's Job Vacancy Statistics data, as in In Figure 1 we focus on total labour demand, given by the sum of vacancies and unemployment (in thousands). From the first two graphs, labour demand for all industries and for construction, it is apparent that labour demand is increasing slightly in all industries, and even more so in construction, where demand is also strongly seasonal.
In the subsequent plots in Figure 2 , we look more carefully into what determines the increase in demand. Wereport vacancies and unemployment figures (in thousands) and two measures of vacancy rates: vacancies as percentage of unemployed, and vacancies as percentage of labour demand. For the economy overall, it seems that the growth is driven only by growth in employment. Overall, for all industries together, there appears to be no growth in the number of vacancies or in the rate of vacancies, while for construction the vacancies show an increasing trend.
Continuing with this analysis by province, it is more difficult to interpret the results because of no data availability over certain periods of time or across provinces. For those provinces where some data is available, the conclusion seems to hold: vacancies do not increase or even decline over all industries, but they increase in construction; employment increases over all industries.
This conclusion is confirmed by other studies. "Construction-related trades in particular posted double-digit increases in their shares since the late 1990s and now account for almost 5% of total Canadian employment" (TD Report, 2013 [29] ). "Among the industries that posted employment gains (see Figure 3 ) the construction sector took first place as the biggest job generator in percentage terms. In addition, its outperformance was recorded both prior to the recession and the ensuing recovery. The latter development is unusual as construction is typically slow to rebound from a downturn, but a possible explanation could lie in the fact that government stimulus packages included renovation and housing measures. Robust housing markets, and more recently, a pick-up in commercial real estate activity have lit the fire under sectoral employment demand." (TD Report, 2013 [31] ). The long-run trend in occupational shortages is less clear. The CIBC report (CIBC, 2013 [30] ) classifies occupations into those experiencing a skill shortage and those not based on two criteria: rapidly increasing wages and decreasing or low unemployment. According to this classification, the report identifies 25 occupations facing a skill shortage and 20 not facing a skill shortage. We reproduce here their classification in Table 1 and Table 2, noting that trades is part of neither group. Moreover, Employment and Social Development Canada (ESDC) runs a model called Canadian Occupational Projection System (COPS). According to their projections for 2011-2020, Skilled Trades will become an occupation where the supply of skill exceeds the demand. We should always take these projections with a grain of salt, as it is very difficult for a forecaster to predict the trend in macroeconomics variables -what has happened recently to the price of oil making an excellent case for the 
Shortages in Ontario Trades: Confirmed by Wage Data
Evidence from the Labour Force Survey
We report here results from analyzing data from the 2013 Labour Force Survey. We focus on hourly wages in four trade-related occupations. According to the National Occupational Classification (NOC) codes, we consider the following two-digit occupation codes: 18 "Contractors", 19 "Trades in Construction", 20 "Other Trades", and 22 "Helpers in Trades". Table 3 reports average hourly wages in these four occupations. If there is a shortage in skilled trades, we should see higher wages in these occupations. There is some evidence that wages of trade workers in Alberta and Saskatchewan are higher than average, which would account for the skilled trades shortage in these two provinces. Alberta's economy in particular, tied to oil production, has been booming over this period, and anecdotal evidence reports shortages in most sectors, especially in construction and services.
At a first glance, the data seem to indicate that Ontario is lagging behind, with average skilled trades wages trailing below the national average. It would thus seem that certification is actually a welcome idea for Ontario, because the skilled trades wage is lower in Ontario than the average for Canada.
What we do here is run for each month and for each province a wage regression where on the right-hand side we condition on other productivity characteristics, such as education and age, as well as an indicator for the traded occupation. The coefficient on the Trades variable will measure the wage returns to being in a Trades occupation. That is, it measures the wage gap between for two hypothetical, average individuals who are similar in all other respects (same education and age), with the only difference being that one works in Trades, while the other one does not. In Figures 4-7 we plot this coefficient for every month, as a measure of the wage premium for being in Trades, all else equal. In the graphs reported here, we plot the returns to each of the four trade occupations relative to the rest of occupations, separately for two Canadian provinces, Ontario and Alberta. Interestingly -and perhaps somewhat unexpectedly -once we control for educational attainment and labour market experience, the returns to Construction Trades (Occupation 19) are high and increasing, even more clearly so in Ontario than Alberta.
In the late 1990s the returns of Construction Trades relative to other occupations were about 10% and they are currently above 15% in Ontario, and around 15% in Alberta. This is further evidence that currently there is demand for Construction Trades, as reflected by their wage premium.
Contractors, Occupation 18, have even higher returns relative to other occupations, more than 20%, and again the trend is increasing, even more clearly so in Ontario than Alberta. Labourers (Occupation 19) have lower returns, but still positive at about 5%, while Other Trades (Occupation 20) have high returns, even higher than 20% and more clearly increasing in Alberta, which makes sense given that these are likely to be workers on the oil patch.
Examples from Census Data
Preliminary exploration of Census Data (2011 National Household Survey) on wages of very detailed occupational codes allows us to investigate the wage patterns for more refined occupations, at the four digit level. We focus here on five trades: carpenters, electricians, pipe-fitters, supervisors, and labourers. Interestingly enough, all trades workers have labour force participation rates much higher than the average: 90% participation rates, compared to about 65% in the population, result which holds even when focusing only on males. Employment rates are also higher for workers in construction trades compared to employment rates for other occupations. Within Ontario, there seems to be a sizeable variation in the incomes of these five trade groups across Census Metropolitan Areas; nevertheless, there is little variation in unemployment rates.
Another interesting observation is that, while carpenters have higher annual incomes than labourers, they have lower hourly wages, because they work more hours per year compared to labourers. We had not expected this hourly wage result, because carpenters are supposed to have more education and skill than labourers. The higher skill of carpenters should command a bigger reward, thus higher hourly wages, when compared to labourers. Continuing with this example for Ontario, pipe-fitters and electricians have incomes above the provincial average, and above the average for most other provinces except for Alberta and to some extent Saskatchewan and British Columbia. These observations do not indicate conclusively nether the presence nor the absence of a shortage of trades in Ontario when looking at very refined occupations; on the whole though, as discussed earlier, construction trades workers seem to be in short relative supply in Ontario.
Analysis of the Economic Impact of Licensing Construction Trades
The small literature on licensing building trades reported a few case studies, without going into cost-benefit details (Arkani et al., 2003 [34] ; Davis et al., 2010 [35] ; Skarbek, 2008 [36] ). If Ontario were to proceed with occupation licensing for the trades, it is likely that in the short run not much will happen, as long as existing tradespersons get grandfathered into the licensed occupation. As time goes by, the channels described above may start operating in the following ways: (i) New entrants into construction trades occupations may face licensing costs-direct financial ones and opportunity cost ones-which can be substantive, especially if the licensing is to take place through a long apprenticeship process-creating barriers to entering the occupation; (ii) Wages will increase for existing tradespersons because entry is restricted; iii) Consumers would experience a corresponding price increase as some of the higher labour costs are passed onto them; iv) Output in the industry will decrease as production will shift away from the sector due to the restricted labour input.
To add numerical values to the magnitude of adjustments, we use the formula derived in Section 2. 4 . For the wage bill, current employment, and wages, we have exact data from the Labour Force Survey 2014. For the Elasticity of Labour Demand and for the projected wage increase due to certification we need to use numbers established elsewhere in the literature: Bruno et al. (2003) [37] , Navaretti et al. (2003) [38] , and Slaughter (2001) [39] . We do a lot of sensitivity analysis by plugging in a wide range of elasticities documented in the literature, and two measures of wage increase resulting from mandatory certification, 10% and 20%, also documented as plausible by the literature. Table 4 (a) gives the main results for the output loss following certification using four values of labour demand elasticities taken from the literature, ranging from 15% to 75%, while Table 4 (b) provides sensitivity results for the loss calculation under a wider range of demand elasticities reported in the literature. We further assume certification would result in a wage increase of 10%, a lower bound of what the literature considers as the true wage effect, and we also report results using an upper bound of 20% wage increase.
To illustrate results, we focus on a mid-range labour demand elasticity of 31% -in other words, a one percent These are substantive costs which must be factored in by any government considering the introduction of mandatory licensing. As a reminder, while this deadweight loss from decreased production is a large cost in the analysis of mandatory licensing, we do not quantify here some potential benefits to the society such as those resulting from better educated and skilled workers. Finally, Table 4 (c) shows that the choice of 2014 as the year for our calculation has no impact on the results. From 2010 onward, the wage bill in construction (in nominal dollars) in Ontario has not changed significantly, and therefore the deadweight loss computation would look similar in other years as well.
Conclusions
The paper has analyzed the channels at work when a mandatory occupational licensing program is introduced. We have identified both costs and benefits associated with occupation licensing and certifications. The cost is coming from restricting access to the occupation, and the benefit may come from the increased human capital resulting from the mandated training. Furthermore, we have quantified the potential cost in the form of deadweight output loss when the labour input becomes more expensive, with an application to the construction in-dustry in Ontario. While the magnitude of this cost is sensitive to assumptions made about the elasticity of labour demand and about the size of the wage increase following certification, under all plausible scenarios, this deadweight loss is substantive.
The paper also has an immediate policy message, as reported in Dawson Strategic (2014) [40] . Given how strong the Toronto-area housing market continues to be, fuelled by a massive number of immigrants settling here every year, Ontario can ill afford a reduction in construction output. Likewise, as public transit is supposed to go through a huge overhaul including new infrastructure and reconstruction of the old, aging one, the upgrade will require massive involvement from construction trades, which may become more expensive and scarce due to certification. Policy-makers must weigh very carefully in the trade-off between quality improvement in construction and the potential reduction in construction output at a sensitive time.
Future work can look more carefully into a general cost-benefit analysis, done separately for workers, for firms, and for the economy. At the aggregate macro level, the benefits for the society, such as resulting from a better educated workforce in the trade occupations, should also be accounted for. Quantifying these costs and benefits will be complicated by measurements issues. It may be difficult to quantify, for instance, productivity improvements resulting from the better skilled trades, or the increase in consumer demand from improved product quality.
Arguably, a better outcome could be achieved by encouraging volunteer certification, rather than mandatory licensing. Mandating training to all levels of trade people would reduce the quality signal, while decreasing the number of practitioners reduces overall quality of service. Certification could provide the same benefits as licensing in terms of training, except it would be undertaken only by the better workers, allowing more skilled trade workers to differentiate themselves from the less skilled ones both in terms of output quality and in terms of pricing, while avoiding the costs stemming from restricting supply.
